Eight cases that had a reconstructive thumb operation (RTO) and were able to return to work were presented. In the present study, the functions of RT, the influence of the thumb on return to work, and how the recovered hands were used at work were investigated. The reconstructed thumb was evaluated based on the following 6 functions: "aspects of full return to work" (3 items), "thumb motion" (5 items), "sensibility" (3 items), "wrist range of motion (ROM)" (4 items), "strength" (3 items) and "dexterity" (3 items). Subsequently, the relation between the frequency of hand use based on subjective evaluation and each function was investigated. We observed significant correlations of the frequency of hand use with thumb opposition, thumb angle, pinch strength, 2-point discrimination (2PD), and the result of the Moberg picking up test (p<0.05). It was thought that the improvement of pinch strength and dexterity of the thumb as well as that of sensory function was the factor to increase the frequency of hand use based on subjective evaluation, and the active hand therapy was necessary even before the operation.
Introduction
The role of the thumb in hand function is tremendous, and a reconstructive thumb operation (RTO) is often performed when the thumb is cut and lost due to external injury. RTO has been carried out by several methods with significant developments of microsurgery. Especially, the Wrap Around Flap Method (WAFM) can reconstruct the ungual, well-shaped thumb, and has little influence on the donor sites (Morrison et al., 1980; Doi et al., 1985) . One of the major aims of hand therapy under RTO is recovering the effective functions of the hand along with acquiring original thumb functions. Some investigators perform the long-term follow up after RTO using WAFM (Lee and Hahn, 1995; Songcharoen, 1995) , and the importance of sensory re-education is confirmed (Wei and Ma, 1995; Blomgren et al., 1988) . However, there have been few reports on the function of the reconstructed thumb (RT), the aspects of return to work, and how the recovered hands are used at long-term work (Bear-Lehman, 1983 ). In the present study, the functions of RT, the aspects of return to work, and how the recovered hands were used at long-term work were investigated in the patients who had received RTO and could return to work. In addition, the relation between the frequency of hand use based on subjective evaluation and these clinical measures of hand function was investigated.
Materials and Methods
Among 14 patients receiving RTO, the 8 right-handed males (8 fingers) who could be followed up were enrolled in the present study.
Out of these 8 patients, 7 had an injury in the right hand, and 1 in the left hand. Between May 1988 and January 1997, the patients underwent wraparound procedures for thumb reconstruction at St. Marianna University School of Medicine Hospital. Full return to work was achieved, and the adequate follow-up was completed between August 1997 and January 1998. All the patients were diagnosed as having traumatic amputation of the thumb, and complications included Galeazzi fracture dislocation (case C) and injuries in the multiple fingers. Five patients had amputation at the level o f t h e p r o x i m a l p h a r a n x , t w o a t t h e metacarpophalangeal joint (MP joint), and one at the interphalangeal joints. MP joints were fixed in four patients (Cases D, E, F, and G) and not in residual patients (Cases A, B, C, and H). All the patients received WAFM in which the great toe was transferred to the thumb. In addition, in 1 patient (Case H), the second toe was transferred to the ring finger. One of the subjects was a businessman, and the others were skilled laborers ( Table 1) .
The items investigated are shown in Table 2 . To investigate "Aspects of full return to work", the following three items were observed: 1) age at the time of operation, 2) the time period between completion of operation and full return to work, and 3) ratio (%) of frequency of hand use after surgery, which was subjectively evaluated, to that before injury (hereafter, Frequency of hand use). To investigate "Range of motion (ROM) of the wrist", the 4-type ROMs of the wrists proposed by Cambridge (1995) were observed. To investigate "Thumb motion", the following 5 items were observed: 1) ROM of thumb, which was the ratio (%) of total active motion (TAM) range in the affected hand to that in the unaffected hand; 2) Thumb opposition distance, measured when the thumb was moved out of the plane of palm while approaching the fifth finger (mm); 3) Thumb p a l m a r a b d u c t i o n , m e a s u r e d i n a p l a n e perpendicular to the palm (%); 4) Thumb length, measured from the carpometacarpal (CMC) joint to the tip or the point of the distal phalanx using radiography (%), and 5) The thumb angle was the angle which the intersecting point of the line of distal palmar crease under the maximum palmar abduction formed with the line connecting the radical end of the thumbnail to its ulnar end (%) ( Fig. 1 ). All the measurements of the parameters described in 3) to 5) were expressed as the ratio (%) of the values in the affected hand to those in the unaffected hand. According to Beepu (1995) , the thumb angle is used to determine the rotation angle of the thumb pulp in order to make RT easily pinch the objects. The large thumb angle indicates that the pulp of the affected thumb abducted to the palmer side compared with that of the unaffected thumb. The thumb angle was measured by tracing it on the photo (Fig. 1 ).
To investigate "Sensibility", 1) Semmes-Weinstein mono filament test (SWT), 2) Static 2point discrimination (2PD), and 3) Moving 2PD were performed based on the sensibility test the maximum palmar abductionforms with the line connecting the radical and of the thumbnail toits ulnar end. This angle was measured by tracing it on the photos according to the method described by Beppu(1995) . proposed by Bell (1995) . To investigate ROM of the wrists, 1) Wrist flexion (%), 2) Wrist extension (%), 3) Wrist radial deviation (%), and 4) Wrist ulnar deviation (%) were performed. To investigate "Strength", 1) Grip strength, 2) Key pinch, and 3) Three-fingered pinch were measured. To investigate "Dexterity", 1) According to Kaneko (1990) , Simple test for evaluation of hand function (STEF) and 2) Moberg picking up test were performed.
Subsequently, the correlation between Frequency of hand use and the clinical measures of each hand function was analyzed using the Spearman rank correlation test. P values of less than 0.05 were considered to be significant. The functional evaluation was carried out by two occupational therapists, while the questionnaire was performed by one occupational therapist.
Results
Regarding Aspects of full return to works, the mean age of the subjects at the time of operation was 42 years. The follow-up period ranged from 7 to 104 months (mean: 80 months). Case A (a businessman) showed remarkably early full return to work (one month), while it was observed within 3 to 18 months (mean: 8.8 months) in other patients. Frequency of hand use ranged from 10 to 100% (mean: 60%). No problems in particular were found in ROM of the wrists.
Regarding Thumb motion, Thumb ROM ranged from 0 to 92% (mean: 20%), and mean thumb opposition distance was 3.8 cm. The thumb palmar abduction was conserved (mean: 83%). The thumb length ranged from 84 to 107% (mean: 97%), which indicated the affected thumb was slightly shorter than the unaffected thumb. The thumb angle was 122% (ranged from 33 to 194%), which indicated that the pulp of the affected thumb abducted to the palmer side. Concerning Sensibility, 5 patients had "diminished protective sensation" and 2 had "loss of protective sensation" in SWT. The number of patients who showed "not more than 6 mm" in static 2PD was 2, and that in moving 2PD was 4. Mean grip strength, key pinch strength, and three-fingered pinch strength were 76%, 67% and 76%, respectively. The mean score of STEF was 86. In the Moberg picking up test, the mean value of the test results with open eyes was 109% and that with closed eyes was 123%, which indicated the affected hand took a longer time than the unaffected hand.
S u b s e q u e n t l y , t h e r e l a t i o n b e t w e e n Frequency of hand use (based on subjective evaluation) and each function was investigated. As shown in Table 5 , we observed significant correlations of Frequency of hand use with thumb opposition distance, thumb angle, pinch strength (key and three-fingered strength), 2PD (static and moving), and the result of the Moberg picking up test (open and close eyes) (p<0.05).
Discussion
In the present study, the functions of the thumb reconstructed using WAFM in 8 male patients (8 fingers) who returned to work were investigated. There were differences in the time required to return to work among subjects due to the differences of job categories, but most of the patients returned to work 6 months or later after operation. Tamai (1982) suggests that RT should have the following qualities: a certain range of free ROM, strength, a certain length, sensibility close to that of the normal thumb, and subjective satisfaction. In the present study, TAM and opposition distance of RT were limited (20% and 3.8 cm, respectively). This might be because interphalangeal joints were fixed in WAFM. On the other hand, both grip strength and pinch strength ranged from 65 to 75%, which was similar to the results of Blomgran et al. (1988) and Lee (1995 Lee ( , 2000 . A small number of patients showed "not more than 6 mm" in static 2PD, which indicated the unfavorable result. This result corresponded to that of Dellon (1981) .
In addition, among such many estimations of hand function, which hand function had a close relation with Frequency of hand use (based on subjective evaluation) was investigated. We observed significant correlations of Frequency of hand use with thumb opposition distance, thumb angle, pinch strength, 2PD, and the result of the Moberg picking up test. These results suggested that the improvement of Strength including pinch s t r e n g t h a n d D e x t e r i t y , a s w e l l a s t h e improvement of sensory function as generally reported, was the factor to increase Frequency of hand use.
In the hand therapy before and after the operation, the exercise to improve dexterity using a pilot splint that determined thumb length, thumb angle and palmar abduction of the affected or reconstructed thumb was performed (Fig. 2 ). In addition, as one of the sensory re-education exercises and the dexterity exercises, handicraft activities were performed from the early stage after the operation to make RT be actively used (Fig. 3) .
It is proposed that, despite the insufficient recovery after RT, the increase of opportunity to utilize proper activities raises the possibility of acquiring smooth pinch performance and enhancing the frequency of hand use. According to Jenmals et al. (1997) , in order to adjust the fingers' abilities to pinch and pick up objects, either optical sensation or somatic sensation is needed to function, and tactile clues come to be effective 0.1 second after the fingers touch the object. This is regarded as a requisite for improved frequency of hand use. Therefore, employing handicraft activities in the hand therapy is important to recover patients' hand function in various ways. Further studies should be performed to investigate the effect of handicraft activities. In addition, the relation of the subjective outcome measures using questionnaires that were oriented to patients (e.g., the disabilities of the arm, shoulder, and hand (DASH) proposed by Hudak, et al. (1996) ) with function of the thumb would be investigated in the further studies.
Conclusion
In the present study, function of the thumb reconstructed using WAFM in the patients who returned to work, and the relation between the functional estimation and the frequency of hand use based on subjective evaluation, were investigated. We observed significant correlation of the frequency of hand use with thumb opposition distance, thumb angle, pinch strength, 2PD, and the result of the Moberg picking up test. It was thought that the improvement of pinch strength and dexterity of the thumb as well as that of sensory function was the factor to increase the frequency of hand use, and the active hand therapy was necessary even before the operation.
